Background: Coronary artery disease (CAD) is the leading cause of mortality and morbidity of women in developed and developing country. Although women in low and middle income countries have worse situation they are least studied. Cardiovascular risk factors assessment and their correlation with angiographic severity in female patients is essential to take preventive strategy and timely intervention.
Introduction:
Cardiovascular disease is the leading cause of mortality for women in the United States and globally. Coronary artery disease (CAD) afflicts 6.6 million women of United States annually and remains the leading morbidity and mortality threat in women 1 . Women in low and middle income countries also have worse situation than men, experiencing higher proportion of CAD related deaths than men. South Asians are unduly prone to develop CAD. Of all South Asian countries, Bangladesh probably has the highest rates of cardiovascular disease (CVD) and yet is the least studied; in the global combat against CVD 2 .Women and men with coronary artery disease tend to differ in their presenting symptoms, access to investigations, treatment and overall prognosis 3 . Women with acute coronary syndrome (ACS) are generally older with more clustering of risk factors and higher risk of mortality than men. Certain risk factors are more prevalent in women. These include type 2 DM, hypertension, obesity, depression, and other psychosocial risk factors. Diabetes mellitus is a stronger CAD risk factor in women than in men. Hypertension is associated with a two to threefold increased risk for CAD in women. In women, low levels of high density lipoprotein are strong predictors of higher CAD risk than high levels of low density lipoprotein. Obesity is a major risk factor for AMI in women and increases their risk almost 3fold.The risk of AMI associated with metabolic syndrome is higher in women 4 . Almost 50% of women have a clustering of ≥3 metabolic risk factors for ischemic heart disease 5. The pathophysiology of CAD varies between women and men. An interesting observation is that women with ACS have less extensive obstructive and more diffuse coronary artery disease compared with men, but the event rate in non obstructive coronary artery disease seems to be higher in women 6-8. Despite the lack of obstructive CAD visualized on cardiac catheterization at the time of acute coronary syndrome (ACS), the prognosis of these women is not benign. Over one-half of symptomatic women without obstructive CAD continue to have signs and symptoms of ischemia and to undergo repeat hospitalization and coronary angiography 9, 10 . Recently, disorders of the coronary microvasculature and endothelial dysfunction have been implicated in the occurrence of non-obstructive CAD in women 11 . Historically fewer women than men have been included in studies on CAD 12 . Till date few data are available on coronary artery disease in female of our country as well. The consequence is that evidence base for several treatments is less firm. Closing this research gap sex-specific evaluation of coronary pathophysiology, optimum diagnostic strategies, effective lifestyle, pharmacological, and invasive interventions are required. So this study was designed to determine the major risk factors and their association with angiographic severity of coronary artery disease in female patients presenting with acute myocardial infarction.
Materials and Methods:
This is a hospital based cross-sectional observational study carried out in the department of Cardiology, Chittagong Medical College Hospital (CMCH) from January 2017 to December 2017. One hundred and fifty consecutive female patients diagnosed as acute myocardial infarction (AMI) according to third universal definition of myocardial Infarction 13 , who subsequently underwent coronary angiography (CAG) within 4 wks of AMI during the study period were included in the study. Patients with history of PCI or CABG, patients with valvular heart disease, patients unsuitable for coronary aniography and those refusing consent were excluded from the study. An informed written consent was taken from each study patient.
Demographic profile of the patient including age, occupation, economic status and major risk factors like hypertension, diabetes, dyslipidaemia, history of smoking/ tobacco abuse, family history of CAD and post menopausal status were recorded. Data regarding weight, height was recorded, BMI was calculated. Patients having BMI ≥25 Kg/m 2 were considered as obese according to World Health Organization (WHO) 14 criteria. Smoker were those who gave history of previous or current smoking of cigarettes, cigars, pipes and chewing tobacco 15 . Patients who gave family history of any direct blood relatives (parents, siblings, children) having either angina, MI or sudden cardiac death without obvious cause at age <50 yrs for men and <55 yrs for women were recorded as having positive family history 15 .
Blood pressure was measured twice in sitting position in both arms and higher one was taken as recorded blood pressure. Patients who were previously diagnosed as hypertensive and taking antihypertensive or those with raised blood pressure ≥140/90 mm of Hg measured twice were considered as hypertensive according to The Seventh Report of the Joint National Committee on Prevention, Detection, Evaluation and Treatment of High Blood Pressure 16. Random plasma glucose and lipid profile within 24 hrs of AMI were measured. Fasting blood glucose, 2 hrs post prandial blood glucose and Hb A1C were done on the following day. Diabetic patients were those who met American Diabetic Association(ADA) criteria 17 or those already on antidiabetic drug. Dyslipidaemia was diagnosed according to National Cholesterol Education Program (NCEP) criteria 18 or those on lipid lowering agent. Other routine hematological (complete blood count) and biochemical investigation (serum creatinine) and echocardiography were done.
Coronary angiography was performed through standard femoral or radial artery approach. Angiographic data was collected by analyzing the angiogram. The origin and course of three major vessels and their branches were analysed in at least two different planes. Coronary artery disease, defined as epicardial coronary segment with stenosis >50% was diagnosed visually and confirmed in multiple projections and orthogonal views. Patients was grouped as having single vessels disease (SVD), double vessel disease (DVD) and triple vessel disease (TVD) according to the number of vessel involvement. Patients were also grouped according to the type of lesions involved. Atherosclerotic lesion complexity was categorized according to the Joint American College of Cardiology/American Heart Association (ACC/AHA) taskforce classification system 19 ( type A, type B, type C).
Severity of stenosis was assessed by Gensini score 20 ; It grades narrowing of the lumen of the coronary artery and scores it with numerical values with the following method; score 1 for 1-25% narrowing, 2 for 26-50% narrowing, 4 for 51-75%, 8 for 76-90%, 16 for 91-99%, and 32 for a completely occluded artery.This score is then multiplied by a factor that represents the importance of the lesion's location in the coronary artery system: 5 for the left main coronary artery; 2.5 for the proximal left anterior descending coronary artery or proximal circumflex artery; 1.5 for the mid left anterior descending coronary artery; 1 for the right coronary artery, distal left anterior descending coronary artery, obtuse marginal artery or posterior lateral artery; and 0.5 for other stenosis. The severity of disease is expressed as the sum of the scores for the individual lesions. By definition, a Gensini score of 20 or more was considered to be severe CAD. Measurement data was repeated twice by the same operator and the mean value was the final data. Shimadzu Bransist alexa was the fluoroscopic machine used in our cathlab.
Statistical analysis
The statistical analysis was carried out by using Statistical Package for Social Sciences (SPSS -23). Quantitative or continuous variables were described as mean ± standard deviation. Comparison between means of two groups was done by using Student's t-test.
Qualitative or categorical variables were described as frequencies and proportions. Proportions were compared using chi-square. Correlation analysis was done by Pearson's correlation coefficient test. Correlation of anthropometric variables and severity of angiogram findings in different groups was determined using correlation coefficient and linear regression analysis. Logistic regression analysis was performed to determine the independent predictor of CAD. Statistical significance and confidence interval were set at p<0.05 and 95% level respectively.
Results:
Among 150 female patients mean (±SD) age of the study women was 53.19 (±10.71) years and majority of them were >40 years of age. Demographic characteristics of the study population are described in Table I. The prevalence of different CAD risk factors among the study population are descrived in Table II . Mostly prevalent risk factor was hypertriglyceridaemia, followed by hypertension, obesity (by BMI), DM and postmenopausal state.
Coronary angiogram findings of the study population are summarized in Table: III with respect to number of coronary vessel involved, location and type of involved vessel and the severity category by Gensini score. Table IV shows the association of different risk factors with the number of coronary vessel involved. Double vessel disease was more frequent among the study population followed by single vessel and triple vessel disease.
Clustering of the conventional CVD risk factors (smoking, hypertension, family history of CAD, DM, dyslipidaemia, and obesity) among the study population are presented in Figure: 1. It shows that seventy percent of patients had three or more risk factors. The more commonly occurred risk factors in cluster were hypertension, dyslipidaemia, diabetes and obesity in different combination. Only three patients (2%) were free from all of the above mentioned risk factors. Two third of the study population (70%) had three or more risk factors. Table: V shows that triple vessel disease and severe CAD (Gensini score ≥20) were significantly more prevalent among the women with three or more risk factors (p<0.05).
Association of different CVD risk factors with type of involved coronary artery lesions in CAG are described in Table VI .
Irrespective of the type of risk factors Type B lesion was the most prevalent lesion type. However, statistically significant difference was found only with smoking and type of lesion (p<0.05). Severity of coronary artery disease was done by Gensini score. Score <20 was considered as not severe CAD and score ≥20 as severe CAD. Spearman's correlation analyses were performed for variables-age, RBS, TG, total cholesterol, HDL-c, LDL-c and BMI. BMI and HDL-c showed negative correlation and other risk factors showed positive correlation with Gensini score (Table VIII) .
Some of the variables proved to have association with the severity of CAG findings (Gensini score ≥20) are included as independent variables in the logistic regression analysis demonstrated in 
Discussion:
Women's heart health is not solely a medical issue but also involves economic, psychosocial, cultural, environmental, community, health system, political and public policy issues locally and globally. Cardiovascular disease is the number one killer of women in both developed and developing countries. Like other South Asian countries prevalence of coronary artery disease is increasing in Bangladesh. There is few data regarding coronary artery disease in our country and study among female patients with coronary artery disease is scarce.
In our study we wanted to explore whether the traditional CAD risk factors in female patients with MI, like Diabetes mellitus, hypertension, smoking/ tobacco abuse, advancing age, dyslipidaemia, obesity, family history of coronary artery disease correlate with the severity of coronary atherosclerosis detected by coronary angiography as they are well recognized for their association with clinical events and acute coronary syndromes. A number of scores have been described in the past for grading the severity of coronary artery disease on angiography like Genisini score, Jenkins score and Friesingers score. We used the Genisini scoring system for assessing the coronary atherosclerotic disease burden. We chose this because of its simplicity and Genisini score is widely accepted as a CAD burden marker and its prognostic value has been demonstrated in different clinical situations. We included female MI patients only and divided the study population into two groups depending upon the Gensini score, score <20 and score ≥20. Traditional cardiac risk factors are highly prevalent in women of our study and clustering of CAD risk factors is positively associated with severe coronary artery disease as assessed by Gensini score.
The mean age of the study population was 53.19(±10.71) years. A Global case-control study of risk factors for cases of acute myocardial infarction reported that the mean age (51.9 years) for the occurrence AMI among Bangladeshi population was the lowest amongst all South Asians and it was 6 years lower compared with non-South Asians (58.8 years) 21 . In a Hospital based study in India the demographic profile of the study population (Female patients with acute myocardial infarction) revealed the mean age 62.74 ± 13.6 years, which is higher than our study 22 . Western studies have reported mean age higher as compared to other studies conducted in this region such as study by Chang et al.
(73 years) 23 . Age was recorded through direct interviewing of the patient without cross checking any certificate and vital statistics recording system in Bangladesh is weak. So, this demographic data might be lack of some internal and external validity. Logistic regression shows that age is working on CAD severity independently from others factors including in the model. Women with severe CAD (Gensini score ≥20) tend to be older with mean age 54.74 years in our study. Many studies are in line with our results and showed that advancing age is a risk factors of CAD in women 24 .
Out of 150 female patients Diabetes was present in 86(57.3%) patients, hypertension was present in 117(78%) patients, dyslipidaemia in 93(62%), obesity in 102(68%), family history of IHD was present in 46(30.7%) and 11 (7.3%) patients were smokers.
Among the conventional CAD risk factors, smoking was distinctly very low and it is in agreement with other study held in our neighboring country 6. Cultural disapproval prohibits women from smoking in Bangladesh. In our study significant association was seen between the smoking/tobacco abuse and severity of coronary artery disease.
Prevalence of hypertension and diabetes was very high in our study population. The same finding was reported by Wenger where prevalence of hypertension was 65% 4 . Diabetes mellitus is the most important risk factor for CAD, the presence of diabetes in women increasing CAD risk by 3 -7 folds compared to 2 -3 folds increase in diabetic men 17 . In our study, diabetes was four times higher in women with severe CAD (Gensini score ≥20) compared with less severe CAD. In addition, different study showed that women with diabetes have a greater than threefold increase in CAD risk than non-diabetic women, and CAD mortality in women is 3 -5 times higher in diabetic compared to non-diabetic and 3-fold higher relative risk for all cardiovascular mortality in women compared with men 26 . These two risk factors were found in Palestinian study in 2013 in patients with CAD that showed high prevalence of hypertension and diabetes in women 74.3%, 65.7% respectively 27 .
Regarding the obesity, the majorities of our study population (43.3) are obese and has BMI more than 25 kg/m 2 , and obese women are at higher risk for severe CAD than overweight but the differences were not statistically significant. Many studies are in line with our results and showed that obesity increased the risk of CAD. In United state (USA), 22% to 37% of women are obese (BMI > 30), and 7% having a BMI ≥40 kg/m2, increase weight is positively associated with increase CAD risk and mortality in women 28 . In the Framingham heart study, obesity increases the risk of CAD by 64% in women, as opposed to 46% in male 6 .
Family history of CAD was present in 46 patients. Similar finding was observed in other studies . A family history of premature IHD in a sister carries 12fold higher risk for IHD in comparison to six fold for a brother and three fold for a parent 15 .
Risk factors which is unique for women such as menopause; our data showed that 56.7% of study population was menopaused and the prevalence of severe CAD was higher this group. Controlling for age by logistic regression reduces the role of menopause as risk factors for CAD and kept age as the main risk factor.
Evaluation of the frequency of cardiovascular risk factors in the study population revealed that hypertension, obesity, dyslipidaemia and diabetes were the most prevalent risk factors (78%, 68%, 62% and 57.3% respectively). Hypertension, dyslipidaemia, diabetes and obesity were the more commonly found risk factors in cluster. High TG was the most common abnormality found in this study (96%). The frequency of patients with HDL-c and LDL-c in the dyslipidaemic range was 60.7% and 12% respectively. Thirty six percent patients had hyprecholesterolaemia. Dyslipidaemia as a risk factor was higher when compared with the finding of Chang et al. (18.7%) 23 .
We demonstrated a significant linear correlation between severity of coronary artery disease as assessed by Gensini score and age, TG level and cholesterol level, suggesting that as the age, TG level and total cholesterol level increases, the severity of coronary artery disease will increase with multiple and complex lesions.
Regarding the type of CAG findings in relation to number of risk factors, there was a statistically significant difference between patients having < 3 risk factors and those having ≥3risk factors in relation to number of vessel involved (p < 0.05). Triple vessel disease, diffuse character of lesions, and left ventricle dysfunction were mostly evident in patients having ≥3 risk factors. This result means that these severe angiographic characters are clearly linked to multiple & clustering risk factors. Gera S et al. 29 showed that there is a positive association of two and three vessels disease with having ≥3 risk factors similar to our study findings.
Limitations:
This study had the limitations that study was conducted in a single center, study population was relatively small, study was observational non-randomized and might be subjected to selection bias and major traditional risk factors were seen here, other possible emerging risk factors were not looked for.
Conclusion:
This study showed a significant relation of having multiple cardiovascular risk factors with developing more aggressive angiographic findings in female. It also revealed that Bangladeshi female patients of AMI had clusters of cardiovascular risk factors and presence of multiple risk factors is a predictor of severe coronary artery disease. Further large scale studies are needed to verify our results and to determine the independent influences of individual risk factor and to investigate the role of other hidden risk factors in Bangladeshi female patients with myocardial infarction.
